Abstract New technology allows information gathering and collaboration across information networks that would be of benefit to emergency response. In a Homeland Security Exercise we compared the utility of fixed and mobile video and high quality still images on remote expert decision-making. Sixteen experts situated in three countries viewed and seven evaluated events of the exercise assisted by audio commentary of local knowledge experts. They evaluated the usefulness of black and white (B/W) compared to color images, fixed fast video versus slow video and still images. Technical difficulties interrupted image transmission to one remote site for half the Exercise. However, the images were found useful, color more so than B/W, mobile more so than fixed. The combination of still images and video was best. Playback of recorded images was especially useful for remote evaluation and decision-making. Improved reliability for these imaging technologies could improve shared awareness and large-scale coordination for Homeland Security events.
Introduction
Computer supported cooperative work (CSCW) technologies offer a range of methods to enable teams to communicate, share work spaces, exchange ideas, plan, calibrate their situation assessment and work in parallel with great efficiency (Olson et al. 1999 ). In the context of large-scale collaboration, especially when tasks are driven by external events, the strengths and limitations of such CSCW technologies are incompletely understood and this lack of understanding will impact both their future uses and the expectations from implementation. Potentially the ability for remote experts to share relevant parts of their expertise ''just-in-time'' or for remote experts to provide on-site decision-makers with suggestions to build on ideas or courses of action is attractive. For Emergency Management Responders planning for rare scenarios, such use of real or virtual expert input could allow significant reductions in time to build, review, revise and rereview those plans. Furthermore, real-time responses for such Emergency Management Responders may benefit from both on-site and remote experts to suspect and confirm the presence of confusing factors or uncertainties dynamically as the scenario unfolds, so that situational assessment can be shared and jointly developed. The technology to facilitate such remote collaboration among distributed members includes, voice, data and images, both video and still. The Internet has facilitated inexpensive communications of these media and the computers, recorders and cameras have recently become less expensive, more robust and refined. The technology now has improved performance (e.g., mobile and portable communication). However, there are trade-offs in quality and frequency of image transmission that could impact the decisionmaking and situational awareness among distributed collaborators (Wootton et al. 1997; Chapanis et al. 1972 ; Xiao et al. 1999 ). There are also challenges for expert decision-making when Emergency Management or Disaster Response recommendations need to be coordinated dynamically with on-site responders from a geographically foreign location.
Disaster response for natural or man-made emergencies requires disparate expertise from multiple widespread forms (e.g., personnel, resources, databases). On-site responders can benefit from remotely situated experts who share the key aspects of their expertise at the point in the proceedings that these aspects are relevant. Such distributed decision-making can provide time-critical information that may be lifesaving or protect rescuers or victims from exposure to hazards, and can prevent fixations or failures to consider earlier discarded hypotheses. The remote experts can function almost like a ''transactive'' memory for the on-site Emergency Management Responders who may be too busy with multiple tasks and rapidly changing events to be able to access databases or to accurately recall past information or communications (Wegner et al. 1991 , Xiao et al. 2002 . This study proposed to address several of the limitations from prior studies by including: real-time local knowledge audio supplements from on-site, a team of remote emergency management experts to counteract the varying background and expertise of individual remote experts, training pre-event to enhance coordination, the same low bandwidth black and white (B/W) video enhanced with high bandwidth color video and still images transmitted to all facilities to minimize diagnostic biases and differences in decision-making from different remote locations.
We examined evidence to support three hypotheses of relevance to Homeland Security or Disaster Response during an exercise at the University of Maryland, Baltimore Campus: (1) remote experts can identify real-time emergency events by viewing mobile, slow color video [1-2 frames/s (fps)] and the currently used fixed B/W public safety video surveillance camera (20 fps) images of events; (2) high quality still images sent to remote experts convey details not recognized in video; (3) still color images promote situational awareness in geographically foreign locations.
We also assessed obstacles and challenges in coordination across organizational boundaries and routine information technology networks using subjective utility judged by remote experts. The Homeland Security Exercise had the objective to improve emergency response coordination and called for responses from a collection of organizations (North Atlantic Treaty Organization (NATO) civil defense, European and United States (US) Emergency Management Responders, Police, Physicians, University Public Safety personnel and both State and Federal Agencies), who under normal circumstances, did not work together. We expect that such modes of collaboration would be prevalent in responses to world-wide disasters and other high consequence events.
Methods
The University of Maryland (UM) Homeland Security Exercise was viewed and evaluated remotely by experts in emergency operation centers (EOC) in Regensburg, Germany; Brussels, Belgium; and Baltimore, US. These EOC were connected with three integrated digital services network (ISDN) lines routed through Fort Gordon, Georgia, US. One ISDN line each to UM, UR, and NATO with two cameras C1, the Public Safety surveillance B/W camera and C2, a mobile wireless camera. A secure web server and video-cassette recorder (VCR) allowed duplex video-teleconference (VTC) communications and recording of the ISDN connections. Locations (L) in UM, UR, and NATO for video communication of the Exercise through three real-time video ISDNs are shown in Fig. 1. 
Exercise scenario
A ''Dirty Bomb'' (a real radiation source in a black briefcase) activated radiation sensors in a kiosk on the UM Campus outside the hospital (Fig. 2 shows the kiosk with the briefcase). The sensors automatically dialed a telephone alert to the Environmental Health and Safety Offices, which sent a team to examine the alarming sensor and both confirmed radiation and activated the emergency response process. The bomber contacted a local television station to tell them about both the Dirty Bomb and a second conventional bomb set to explode in 45 min in the Emergency Medical . Remote Expert Emergency Management Responders were situated at University of Regensburg, Germany (UR, n = 9) and NATO headquarters (Civil Emergency Planning Directorate), Brussels, Belgium (NATO, n = 3) and UM EOC (n = 4). Testing of the ISDN connections occurred between UM-UR and UM-NATO through Fort Gordon in the week before the Exercise. However the UM-Fort Gordon-NATO-UR 4-way link could not be tested due to scheduling conflicts. The general purpose (but not details of the simulated event) of the Homeland Security Exercise was distributed by e-mail to all participants in the EOC's 2 days before the exercise. During the actual live video transmission of exercise activities, background audio information (only when requested) was provided and questions were answered by two on-site (UM) experts who were viewing the same images as were transmitted to the EOC's. Evaluations were completed or partially completed by 7 (3 at UR and UM, 1 at NATO) of the 16 remote EOC experts. Images for remote EOC evaluation included (a) mobile slow color video taken from a lapel-mounted camera carried by study participant who followed events on foot (Fig. 4 mobile imaging system covered both bomb sites, worked well inside buildings/ elevators, etc.), (b) B/W surveillance camera images from a fixed location, providing a view of where the ''Dirty Bomb'' was planted and the radiation sensors were triggered. Evaluation forms (Table 1) were completed serially at specific times (shown at end of Table 1 ) identified on the master event synchronization list (MESL) for the exercise. Still, high quality (3.0 megapixel) images of the Exercise taken with a digital camera by a second study participant were evaluated.
Data collection
In Table 1 : 10 statement evaluation completed serially, in real-time, during the exercise identifying decisions made, uncertainty, activities occurring, problems identified, priorities, information needed, outcomes and comments; Table 2 : 20 question form completed 1 month after the participants had viewed video images and made remote assessments of the Homeland Security Exercise; Table 3 : the exercise Evaluation Questionnaire Kit included 19 statements in relation to the telecommunications, completed at the end of the exercise, on use of video in decision-making and use of images for remote EOC; Table 4 : post-evaluation questions including strengths, weaknesses, opportunities, threats (SWOT) analysis revealed by the exercise. All statements were scored on a Likert scale of 1 = strongly disagree to 5 = strongly agree. Qualitative data were requested by including free comments sections.
Results

Technical and interoperability issues
Transmission gaps occurred due to the service provider's interoperability problems that interrupted image transmission to NATO for 1.5 h of the 3 h exercise. In addition during attempted simultaneous connection to NATO and UR, audio linked with the ISDN was lost, and a land-line connection was required to maintain audio communication with UR.
3.2 Remote decision-making (Table 1) University of Regensburg and NATO identified on-site decisions including detection and recognition of ''Dirty Bomb'', bomb location, EMS building evacuation, bomb squad defusing, emergency team activities, evacuation, shielding, readiness for casualties, incident command (IC) set-up. Unclear issues were why the hospital was not evacuated. Problems were noted in the limited perimeter cordoned off around the bomb and the proximity of the IC Post to the bomb site (both Fig. 4 Mobile wireless imaging system the lack of hospital evacuation and exercise perimeter were limitations intended to minimize the impact on the hospital clinical operations). These results support the hypothesis 1 that remote experts can identify realtime emergency events.
3.3 Evaluation of still image and video usefulness (Table 2) Mean scores for disaster management 4.7; incident commander 3.8; trauma patient extrication 4.3; slow No answer
Number of answers 1. I was able to make decisions based on remote visual information that were not possible using verbal information alone 3.4 Value of video for decision-making and situational awareness (Table 3) 
Image comparison
Technical issues included: B/W images from public safety surveillance cameras were inadequate as their field of view was degraded by sunlight/darkness and limited by being at a fixed location. The mobile imaging platform was able to record details of both bombs and gave greater and more flexible incident coverage, less affected by changing lighting conditions.
Specific issues
The following organizational issues were recognized: potential for international and wide area distribution links for command and control; different culture and tactics for emergency response; significant language barriers. It was noted that insider knowledge from onsite commentary and local background material and overview maps are essential for remote decision-maker understanding.
Post evaluation comments and answers
The results shown in Table 4 can be summarized as indicating that the remote experts saw the importance of coordination of UM with outside agencies and were able to appreciate how rapidly events changed, the need for a communication strategy, crowd control and an integrated emergency response. Highlights of the SWOT analysis shown in Table 5 included: benefit of duplex audio communication with field mobile camera; need for communication with an on-site command and control; remote control of fixed camera; helicopter (aerial) overview image would be helpful; infrared camera capability would be needed for night use; commentary from different domain experts would be useful (e.g., police, fire, EMS, medical). Translation into native language (this occurred briefly to UR) improved understanding of emergency events and generated multiple questions from other members of the remote EOC in UR in comparison to those who had asked the earlier questions. Remote control/zoom/tilt/pan of cameras would be useful. It was difficult to distinguish between exercise responders and observer/evaluators. Problems in data and workflow in international collaboration were shown, but it is important to share information about different strategies and response tactics. Telecommunications are needed and must be improved.
Discussion
The need to provide remote and just-in-time expertise is ubiquitous in many domains, but in Emergency Management Response it could save many lives. Following the Sarin attack in the Tokyo subway in 1996, emergency responders initially believed a bomb had exploded (Okumura et al. 1998 ), but an emergency physician seeing the news video clips of choking and tearing victims made the clinical diagnosis remotely and called Tokyo authorities. The issue of how information gathering from multimedia is impacted by bandwidth was a question addressed by the design of the Homeland Security Exercise reported here. However, the full answer to such a question was not obtained, due to many limitations including the small sample size of remote experts completing evaluations, the communication breakdown with NATO, Fig. 2 the red motorbike is easily recognized in the still image and could be used as a reference point for the remote decision-makers to provide the context of their comments. In the B/W images the motorbike is difficult to distinguish from the background, and in a frame from the low bandwidth (and low quality) color video image (right panel Fig. 2 ) it is difficult to be certain that the red object is a motorbike. In many circumstances public safety surveillance cameras may have dual use as shown in this demonstration. Including such existing infrastructure into emergency management response could be a cost effective way to monitor potential targets of terrorist activities. It is concluded that color not B/ W cameras, whose field of view and contrast can be remotely controlled in varying light conditions, should be used. 2. The increased number of questions from a greater number of the remote audience at UR when German was spoken, suggests that the conveyance by on-site experts of local knowledge and clarification of remote decision-making interpretation is increased by use of native language of the remote experts. 3. Face-to-face meetings with UR, but not NATO, which occurred before the exercise improved collaboration and communications during the exercise. The prior socialization resulted in higher quality, more complete and greater number of free comments completed in the evaluations received from UR. However, there were significant technological problems with the connection to NATO and the NATO experts were clearly frustrated by the long duration gap in communication which left them unable to follow many of the events of the Exercise. 4. One feature that salvaged the lack of information during the NATO communication break was the ability to playback the previously recorded images from the mobile slow video acquisition. This playback had significant application in allowing the three members of the NATO EOC to develop awareness of what had transpired during the time interval when communications were interrupted. In addition the playback allowed all remote observers to identify events surrounding the ''Dirty Bomber'' planting a real radioactive source that triggered a radiation sensor. The timing of the triggered alarm was precisely known and time-coded video data enabled this video segment to be precisely located and reviewed. 5. Local domain expertise and duplex communication with the incident commander would improve remote expert decision-making. In dangerous environments (chemical, biologic, radiation, explosive) remote monitoring with video could be very helpful to safe entry and activities of EMS personnel and in coordination of the emergency management plan and health care facility readiness. Interfaces with sensors (e.g., the robot radiation detector and analyzer used in this exercise) would allow remote experts to interpret the sensor data in real-time, so expediting the appropriate emergency response.
There is a future potential, when reliability is improved, for the imaging technologies to improve shared awareness and remote distributed team collaboration. Mobile wireless color images with duplex audio and interfaces with peripheral devices used in the field would enhance the coordination of expert decisionmakers as part of a distributed team. Embedded technology in the video camera (e.g., Global Positioning System with coordinates linked to Google world display) would allow mapping and other situa-tional awareness artifacts to facilitate remote decisionmaking. The findings from this preliminary study have profound implications for the development and design of information and communication technologies necessary for large-scale collaboration for local and international disasters and emergency response.
